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While recent research has focused on the use of carbon capture and sequestration
technology feasibility, less focus has been placed upon terrestrial carbon storage affected
by coal mining in the context of the clean coal debate. Recent research has shown that the
initial disturbance of soil and above-ground carbon pools caused by surface coal mining
methods can produce a significant carbon loss from the terrestrial ecosystem, thus
increasing the coal carbon footprint of coal. However there is a lack of information
regarding the uptake of carbon on reclaimed mining sites during re-growth and reestablishment of the soil organic carbon profile.
This study was conducted in order to investigate carbon sequestration processes and rates
in reclaimed surface coal mine lands in the Southern Appalachian forest region. Five
reclaimed mining sites varying in age since reclamation (0, 2, 6, 8 and 10 years) were
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sampled to a depth of 50 cm to determine the corresponding carbon densities. In addition,
nearby undisturbed forest sites were sampled to determine baseline carbon data for the
region. In undisturbed forest sites, the organic carbon content decreases gradually with
depth while nearly all soil organic carbon was stored in the first 10 centimeters for the
reclaimed soils. Estimates of the carbon density at each site were calculated by un-mixing
soil organic carbon and geogenic organic carbon using carbon stable isotopes and a
correction for rock fragments at the sites.
Carbon densities for the 0, 2, 6, 8 and 10 year sites were 0.73, 1.1, 8.0, 6.3 , and 7.0 Mg C
ha-1, respectively, as compared to 91 and 81 Mg C ha-1at the control sites. The temporal
variation of soil carbon was modeled using a first order kinematic equation. Analysis of
carbon elemental and isotopic data suggested that soil carbon turnover increases with the
age of reclaimed mining site. Further analysis of short and long-term ecosystem carbon
budgets is needed for reclaimed mining soils in order to better model their carbon
sequestration potential. Understanding the long-term progression of carbon budgeting in
reclaimed mine soil can lead to more effective reclamation guidelines and cleaner coal
production.

22

MODELING OF CO2-WATER-ROCK INTERACTIONS IN MISSISSIPPIAN
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Mitigating the input of carbon dioxide (CO2) into the atmosphere is becoming
increasingly critical as usage of fossil fuels continues. With the overwhelming majority
of electricity coming from coal-fired power plants, Kentucky is a significant producer of
CO2. Pilot tests are underway in Kentucky to further understand the processes involved
with sequestering captured carbon into geologic reservoirs including: oil and gas fields,
and deep saline aquifers. This study focuses on modeling the subsurface water-rock-CO2
interactions occurring during carbon sequestration into Mississippian oil and gas
reservoirs of western and eastern Kentucky.
New samples (n= 62) and archived data, both collected from oil wells, were used
to characterize the chemistry of formation waters from Sugar Creek field in Hopkins
County, Euterpe field in Henderson County, and various fields in Leslie County. In
addition, 20 core and 17 cuttings samples from the reservoir and overlying cap-rocks in
or near these fields were analyzed for bulk and clay mineralogy using X-ray diffraction.
Electric logs were used to select sample intervals within the overlying cap-rocks and in
the center of the producing zones. Samples from the sandstones include the Cypress, Big
Clifty Member (Jackson) of the Golconda Formation, Hardinsburg, and Tar Springs
Formations in western Kentucky. The carbonate samples were taken from the Slade
Formation/Newman Limestone (Big Lime) of eastern Kentucky.
The chemistry of formation waters directly influences the potential for dissolution
of CO2 into fluids (solubility trapping), as well as influencing mineral-forming reactions
(mineral trapping). Using the water chemistry and mineralogic data as inputs, speciation
and reaction path models were created using the Geochemist Workbench software to
predict the distribution of aqueous species at equilibrium, evolution of fluid chemistry,
and reservoir mineralogy as CO2 is injected into the reservoir. Ongoing work involves
comparison of fluid-mineral equilibria and reactions in the sandstone versus carbonate
reservoirs to determine the feasibility of long-term carbon capture, as well as comparing
model results against actual data collected from pilot sites.
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Theoretical studies show the potential to dissolve up to 30% of injected CO2 in
formation water over a period of tens of years in sequestration projects. The dissolution,
called solubility trapping, is important because it removes CO2 as a separate buoyant
phase that would migrate upward. Subsequently, the dissolved CO2 may form HCO3-,
which can react with divalent cations, such as Mg, Ca, and Fe, to form carbonate
minerals (mineral trapping). The extent of dissolution is influenced by temperature,
pressure, and formation water chemistry. The relationship between formation water
chemistry and CO2 solubility provided the motivation for examining more than 900
analyses of formation waters collected mostly from oil and gas wells in Kentucky. The
samples were distributed among 106 counties in the Appalachian and Illinois basins and
Cincinnati arch areas. Specifically, we analyzed salinity distribution with depth and
stratigraphy, and the influence of salinity on CO2 solubility. The formation water samples
come from carbonate, clastic, and igneous-metamorphic rocks ranging in age from
Precambrian to Pennsylvanian, and span elevations of 1550 to -7765 ft (sea level
reference). In both basins, two distinct salinity trends are observed, with CambrianOrdovician samples mostly from the Knox Group showing salinities significantly less
than those predicted by trends in Silurian and younger Paleozoic reservoirs. Solubility
calculations confirm that lower salinities along with higher pressures at depth result in
more potential for solubility trapping in the Knox Group reservoirs. Moreover, the
contrast in salinity trends suggests the presence of an aerially extensive seal in the upper
Ordovician that hydrologically separates Silurian and younger reservoirs from deeper
Knox reservoirs. The sealing interval, which likely corresponds to the Maquoketa Shale
and its equivalents, is significant because it overlies Knox Group reservoirs, a potentially
important sequestration target in Kentucky. The upper Ordovician seal is also important
because it has been penetrated by far fewer well-bores, which are potential leak
pathways, as compared to other seals, such as the Devonian shales.
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The toxic effects of selenium in the aquatic environment are well recognized as a result
of decades of research, but the fate and role of selenium in biological systems is highly
variable and quite contentious. The observed variable nature of selenium toxicity and
bioaccumulation has caused considerable debate with respect to establishment of an
appropriate criterion protective of aquatic and other wildlife. The complexity of selenium
bioavailability and toxicity is a result of food chain dynamics, the concentration and
speciation of selenium in aqueous systems, hydrologic characteristics (lentic vs. lotic
environments), and the ecological nature of aquatic systems.
Given the recent findings of elevated selenium concentrations in adjacent West Virginia
coal fields, the Kentucky Division of Water contracted with the Kentucky Geological
Survey to plan and implement a study in the Eastern Kentucky Coal Field (EKCF). This
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study was designed to target geologic strata that had relatively high concentrations of
selenium, under various land disturbances. Due to budget constraints, data collected in
this project were meant to be a first look at the selenium conditions in the EKCF. The
study design required collection of water-quality, sediment-quality, and fish tissue
samples to determine if selenium concentrations in the water column were elevated
compared to control watersheds, and if bioaccumulation of selenium was occurring.
Water, sediment, and fish tissue samples were collected in September 2007, with a few
samples collected in May, June, and July of 2008. Data were collected from active
mining areas, reclaimed mines, abandoned mines, roadcuts, and undisturbed watersheds.
Samples were collected just below the toe of valleyfills, below sediment ponds, and just
above or within receiving streams.
Background values from the two undisturbed sites were as follows: aqueous total
selenium concentrations were below the RMDL (reporting limit = 1.0 µg/L); sediment
selenium concentrations averaged 0.48 mg/Kg; and fish tissue total selenium
concentrations averaged 2.28 mg/Kg. These values are based on limited data and should
be considered with caution, especially since they are one-time samples and do not reflect
any temporal variability.
No viable relationships were observed between selenium in the water column and
bioaccumulation in fish tissue. Weak relationships did exist between bioaccumulation
and sediment selenium concentrations. These results correspond with findings from
studies in West Virginia. However, the correlations were too weak to be considered
useful. Also, no relationships could be observed between sediment selenium
concentrations and aqueous selenium concentrations. No observable relationships existed
between the various aqueous species of selenium and the general surface water-quality
variables collected in this study.
Based on the limited data collected, the EKCF does have fish communities with elevated
tissue selenium concentrations (4 fish tissue samples out of 31exceeded the proposed
7.91 mg/Kg selenium total body residue criterion [during this study the proposed EPA
criterion was withdrawn and additional data were considered to refine a forthcoming
criterion expected in 2010]). The elevated concentrations tended to be associated with
mining activities. However, the data were insufficient in number to determine if one
landuse was statistically different from any of the others. It cannot be stated, based on
these data, that active mining produced statistically different selenium levels than what
was observed at the undisturbed sites, or that the undisturbed sites produced significantly
less selenium than the mining areas. More data are needed before such conclusions can
be drawn.
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